It was found that lithium can substitute for sodium in maintaining the excitability of muscle (OVERTON, 1902) . Later LORENTE DE NO (1947, 1951) with frog nerve, HODGKIN and KATZ (1949) with giant axon of Loligo, and HUXLEY and STAMPFLI (1951) with single myelinated nerve fibers confirmed that the action of sodium and lithium ions was almost identical as far as the excitability of the membrane was concerned.
On the other hand, in the red blood cells (HARRIS & MAIZELS, 1951) , and in the skeletal muscle KEYNES & SWAN, 1959) , it was observed that lithium ions were pumped out much more slowly than sodium ions.
The present paper is concerned with the effects of lithium replacement on the neuromuscular transmission of the frog. It will be shown that when the muscle is tetanized in the lithium solution, the size of end-plate potential (e. p. p.) is greatly reduced and the so-called post-tetanic potentiation of e. p. p. disappears. 
METHODS

RESULTS
A. Effects of lithium on end-plate potential. When all the sodium was replaced by lithium, the amplitude of e. p. p. was reduced in size without obvious changes in its time course (FIG. 1) , and it remained constant at least for half an hour. The reduction of the e. p. p. height was on the average 15% in the curarized muscles ( if the soaking period in the lithium solution was not more than 30 minutes.
The size of the miniature e. p. p. (m. e. p. p.) was also decreased in lithium solution (FIG. 2) . The results of five experiments are summarized in TABLE II. It shows that lithium reduced the mean amplitude of m. e. p. p. s to 79%, and this effect was reversible.
Usually lithium had no significant effect on the frequency of spontaneous discharge of m. e. p. p. s, although in some muscles, a slight decrease in the frequency was observed. However, when the muscle was left in the lithium Ringer's for a long time, i. e. more than thirty minutes, the discharge frequency gradually increased until a burst of the discharge occurred. In the Mg-blocked muscles, it is possible to compare the quantum contents of e. p. p. s between the normal and the lithium treated muscles.
The quantum contents were calculated from the number of failures of e. p. p. responses (DEL CASTILLO & KATZ, 1954a) . Since the frequency of the m. e. p. p. tended to increase, while the muscle was soaked in lithium Ringer's, the measurement of the e. p. p. was confined to within 20 minutes after the replacement of the solution with lithium Ringer's.
During this period no appreciable increase was observed in the frequency of m. e. p. p. As shown in TABLE III, the quantum contents in the lithium solution were smaller than those in the normal fluid.
B. Post-tetanic potentiation.
As found by FENG (1940 FENG ( , 1941 and LILEY and NORTH (1953) , a large increase of the amplitude of e. p. p. occurred after a conditioning tetanus.
An example is shown in FIG. 3, tetanus of the frequency of 50/sec was applied for 30 seconds (FIG. 3, open  circles) . The amplitude of the e. p. p. increased to about 200% of the control after the tetanus and this potentiating effect of the tetanus on the size of e. p. p. lasted for more than 10 minutes.
However, in the lithium solution tetanus produced a wholly different effect on the size of e. p. p.. As shown by the filled symbols in FIG. 3, the size of e. p. p. was markedly decreased after a tetanus; then, it showed some tendency of returning to normal level for the next few minutes, and finally it declined slowly until the transmission was completely blocked. Partial replacement of Na with Li ions produced less marked effects.
A shorter duration of tetanus produced a smaller reduction of the e. p. p.. A high-frequency or long-duration tetanus reduced the e. p. p. size so drastically that the transmission totally failed before the end of the tetanus.
In FIG. 4 the On the other hand, in the lithium solution the frequency was increased after tetanus and it showed no tendency to return to the pretetanic level.
FIG . 5 shows an experiment in which the surrounding medium was replaced by the lithium solution at the time when a post-tetanic potentiation began to occur (indicated by the arrow).
Changing solution was completed in two minutes.
Conversely, in the experiment in FIG. 6, 
DISCUSSION
The results of the present experiment show that when the muscle was tetanized in the lithium solution, the size of e. p. p. was greatly induced (FIG. 3) . The frequency of the spontaneous discharge after a tetanus was markedly increased and it remained for a long time in the lithium solution . (FIG. 4) , while in the normal solution the potentiation of the discharge frequency returned to the resting rate within five minutes.
It is known that the rate of discharge of m. e. p. p. depends on the level of the membrane potential of the nerve terminal; depolarization increasing, and hyperpolarization decreasing the rate (DEL CASTILLO & KATZ, 1954b; LILEY, 1956b; TAKEUCHI & TAKEUCHI, 1961) . It has been reported (RITCHIE & STRAUB, 1957; GREENGARD & STRAUB, 1958; CONNELLY, 1959 ) that when lithium is substituted for sodium, post-tetanic hyperpolarization disappears in nerve fibers, and often the nerve remains depolarized after tetanus.
Therefore , it is possible that a maintained depolarization occurs in the nerve terminal after tetanus in the lithium solution. This depolarization of the nerve terminal may produce a long-lasting increase in the discharge rate. The decrease in the amplitude of e . p. p. may also be explained by the depolarization of the nerve terminal (DEL CASTILLO & KATZ, 1954b; TAKEUCHI & TAKEUCHI, 1962) .
We have no direct evidence, however, if in this stimulation of the present experiment, lithium ions enter the nerve terminal during tetanus and they are not pumped out, so that the tetanic stimulation could produce a maintained depolarization of the nerve terminal .
The potentiation which follows tetanus (FENG, 1940 (FENG, , 1941 LILEY & NORTH, 1953) has been considered as a prolonged after-hyperpolarization of the presynaptic fibers (WALL & JOHNSON, 1958; ECCLES & KRNJEVIC 1969a, b; BISHOP, BURDE & HAYHOW, 1959; HUBBARD & SCHMIDT, 1963; HUBBARD, 1963) . Further, HUBBARD and SCHMIDT (1963) with mammalian diaphram indicated that there are two types of potentiation after repetitive stimulations. Primary potentiation of e. p. p. is brought about by an increase of available transmitter and secondary post-tetanic potentiation is due to an increase in the amplitude of the pre-synaptic spike induced by the hyperpolarization of nerve terminals. As shown in FIG. 3 and 6 , although a tetanus in the lithium solution produced a marked decrease in the e. p. p., a slight tendency toward an increase was always present after cessation of the tetanus.
Therefore, there is a possibility that other mechanisms than the enhanced membrane potential of the nerve terminal contribute to the post-tetanic potentiation. When the sodium in the Ringer solution was replaced by lithium, the size of e. p. p. was decreased.
Two possible explanations might be proposed for the reduction of e. p. p. in the lithium solution: one is a decrease of transmitter released from nerve terminals; the other is a change in the sensitivity of the sub-synaptic membrane.
Since the m. e. p. p. is considered as a quantal unit and the e. p. p. as a synchronous production of these quanta (DEL CASTILLO & KATZ, 1954a; BOYD & MARTIN, 1956; LILEY, 1956a) , the decrease in the size of m. e. p. p. observed in the lithium solution may be due to the effects of lithium on the post-synaptic events.
Our experiments on the electrophoretic injection showed that the Ach potential of frog muscle decreased in the lithium Ringer's and it recovered in the normal solution within a few minutes.
In the curarized muscle the effects of lithium on the size of e. p. p. could be explained by the decrease in the sensitivity of the postsynaptic membrane, because the percentage reduction of the m. e. p. p. size is almost the same as that of e. p. p.
However the reduction of the e. p. p. size in the Mg-blocked muscle was larger than that in the curarized muscle, and it suggests that another factor than the post-synaptic effects might be involved in this case. Since the quantum contents were decreased by the lithium treatment in the Mg-blocked muscle, lithium may also have a pre-synaptic action. SUMMARY 1. The effects of lithium on the end-plate potential, miniature end-plate potential and their post-tetanic potentiation were studied at the neuromuscular junction of the frog. 2. Lithium decreased the amplitude of end-plate potential to 85% in curarized muscle and to 55% in the Mg-blocked muscle. Lithium reduced the size of miniature end-plate potentials to about 80%. This should be ascribed to the effects of lithium on the post-synaptic events.
3. In the Mg-treated muscle the quantum contents of e. p. p. were smaller in the lithium solution than in the normal solution, indicating that lithium has also a pre-synaptic action.
4. When the muscle was tetanized in the lithium solution , the so-called post-tetanic potentiation of e. p. p. disappeared, and the amplitude of e. p. p. was greatly reduced.
The potentiation of the frequency of miniature end-plate potential could be seen, but the increase of the frequency did not return to pre-tetanic level.
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